Background: Keratinocytes are the major cells in epidermis, providing barrier components such as cornified cells through the sophisticated differentiation process. In addition, keratinocytes exerts their role as the defense cells via activation of innate immunity. It has been known that pathogen-associated molecular patterns (PAMPs) including double-strand RNA and nucleotides can provoke inflammatory reaction in keratinocytes. Objective: The aim of this study is to evaluate the effect of Ampelopsis japonica Makino extract (AE) on PAMPs-induced inflammatory reaction of keratinocytes. Methods: The effects of AE were determined using poly (I:C)-induced inflammation and imiquimod-induced psoriasiform dermatitis models. Results: In cultured keratinocytes, AE significantly inhibited poly(I:C)-induced expression of inflammatory cytokines, such as interleukin (IL)-1β, IL-6, IL-8 and tumor necrosis factor-α. AE significantly inhibited poly(I:C)-induced release of caspase-1 active form (p20), and down-regulated nuclear factor-κB signaling pathway. In imiquimod-induced psoriasiform dermatitis model, topical application of AE resulted in significant reduction of epidermal hyperplasia. Conclusion: These results suggest that AE may be a potential candidate for the treatment of skin inflammation. (Ann Dermatol 28(3) 352∼359, 2016) 
INTRODUCTION
Skin lies between organism and environment. It provides protective barrier that prevents the entrance of external pathogens from outside as well as the water loss from inside 1 . This protective function is primarily supported by the cornified cells, which are formed by the sophisticated process of keratinocyte differentiation. During the differentiation process, the keratinocyte progenitor cells in the basal layer of epidermis proliferate and move upwardly, and the differentiation process begins in the suprabasal layers. Extensive but highly coordinated gene expression change takes place in a spatio-temporal manner. For example, many differentiation-related genes such as involucrin, loricrin and filaggrin are expressed with the pattern of increase in later stage of keratinocyte differentiation [2] [3] [4] .
In addition to their essential role for physical barrier, epidermal keratinocytes play an important role as the primary defense cells in innate immunity. For example, keratinocytes express a variety of pattern recognition receptors (PRRs) such as Toll-like receptors (TLRs). These PRRs can recognize the bacterial pathogen-associated molecular patterns (PAMPs) as well as the damage-associated molecular patterns (DAMPs), leading to the activation of in-flammation-related intracellular signaling and production of inflammatory cytokines from keratinocytes [5] [6] [7] .
Psoriasis is a common skin disease that occurs at an incidence of 0.5%∼3% of the population worldwide. In psoriatic skin, hyperproliferation of basal layer keratinocytes as well as suprabasal layer keratinocytes is observed, and keratinocyte differentiation is largely disturbed. In addition, inflammatory reaction is highly increased in the affected skin area 8 . Since that immunosuppressant cyclosporine A efficiently blocks the activation of T cells and consequently improves the psoriatic symptoms, it is generally believed that psoriasis is a Th1-type immune cell-mediated disease 9 . In addition, recent findings underscore the important role of keratinocytes in the pathophysiology of psoriasis. For instance, psoriasis can be triggered and/or exacerbated by physical trauma on the skin, suggesting that keratinocytes may be the potential origin cells for psoriasis. Stimulation of keratinocytes with various PAMPs or DAMPs results in activation of innate immunity, leading to production of inflammatory cytokines related with psoriasis [10] [11] [12] . In this regard, the inflammatory reaction of keratinocytes can be a good target for the development of novel therapeutics on psoriasis. We attempted to find therapeutics on psoriasis using PAMPs-induced inflammation model, and found that Ampelopsis japonica Makino extract (AE) has an inhibitory potential on inflammatory reaction. The AE has been shown to have anti-metastatic effect in human breast cancer cell line 13 . However, the effect of AE on inflammatory reaction in epidermal keratinocytes remains to be elucidated. In this study, we demonstrate that AE inhibits PAMPs-induced inflammatory reaction in keratinocytes, suggesting that AE can be applicable for psoriasis treatment.
MATERIALS AND METHODS

Cell culture
Simian virus 40 large T antigen-transformed human epidermal keratinocytes (SV-HEKs) were cultured in keratinocyte-serum free medium supplemented with bovine pituitary extract (BPE) and recombinant human epidermal growth factor (rhEGF) (Life Technologies Corporation, Grand Island, NY, USA). For treatment with poly(I:C), keratinocytes were incubated with MCDB153 medium (Biochrom GmbH, Berlin, Germany) supplemented with BPE and rhEGF for overnight, then poly(I:C) (InvivoGene, San Diego, CA, USA) was added to the medium at the final concentration of 1 μg/ml.
Preparation of Ampelopsis japonica Makino extract
The air-dried root of Ampelopsis japonica Makino (Omniherb Co., Daegu, Korea) was cut into pieces and extracted with 8 volumes of boiling-water for 4 hours. The extract was filtered using Whatman paper, evaporated under reduced pressure condition, and then freeze-dried (Eyela, Irvine, CA, USA). For treatment of cultured cells, AE was reconstituted in distilled water and filter-sterilized. For topical application in animal model, AE was reconstituted in polyethylene glycol (PEG).
Cytotoxicity test SV-HEKs were seeded in 6-well plate at a density of 2×10 5 , treated with AE for 24 hours. After treatment, cells received 2 mg/ml MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) solution and were incubated for a further 4 hours. The medium was removed and the resulting formazan crystal was solubilized in 100 μl of dimethyl sulfoxide. Cell viability was determined by measuring optical density at 540 nm using an enzyme-linked immunosorbent assay (ELISA) reader. For lactate dehydrogenase (LDH) activity measurement, culture medium were collected and enzyme activity was determined using Cytotoxicity detection kit (Roche, Mannheim, Germany).
Quantitative real-time polymerase chain reaction Total RNAs were isolated using easy-Blue RNA extraction kit (Intron, Daejeon, Korea). Two μg of total RNAs were reverse transcribed with moloney-murine leukaemia virus reverse transcriptase (Elpis Biotech, Daejeon, Korea). Aliquots of RT mixture were amplified using SYBR Green real-time polymerase chain reaction master mix (Elpis Biotech). The following primers sequences were used: interleukin (IL)-1β, 5'-TTAAAGCCCGCCTGACAGA and 5'-GCGAATGACAGAGGGTTTCTTAG; IL-6, 5'-CTGCGCAGC-TTTAAGGAGTTC and 5'-CCATGCTACATTTGCCGAAGA; IL-8, 5'-CCTTTCCACCCCAAATTTATCA and 5'-TTTCTGT-GTTGGCGCAGTGT; tumor necrosis factor (TNF)-α, 5'-CTCCTTCAGACACCCTCAACCT and 5'-CGACCCTAAG-CCCCCAATT; glyceraldehyde-3-phosphate dehydrogenase, 5'-TGCACCACCAACTGCTTAGC and 5'-GGCATGG-ACTGTGGTCATGAG.
ELISA
Culture medium was collected, and secreted IL-1β and TNF-α were determined using commercial ELISA kits. ELISA kits were purchased from R&D Systems (Minneapolis, MN, USA). 
Animal test
Male BALB/c mice at 6∼8 weeks of age were purchased from Orient Bio (Seongnam, Korea). The psoriasiform skin inflammation was generated by topical application of 5% imiquimod cream (Aldara; 3M Health Care Ltd., Leicestershire, United Kingdom) daily for 7 days 14 . AE was dissolved in PEG to the desired concentration, and pretreated 1 hour before imiquimod application.
Immunohistochemistry
Paraffin sections were incubated with H2O2 for 10 minutes to block endogenous peroxidase and then soaked in 5% bovine serum albumin for 30 minutes. Sections were incubated with anti-IL-1β antibody (Abcam, Cambridge, MA) and anti-proliferating cell nuclear antigen (PCNA) antibody (Abcam). Sections were incubated sequentially with peroxidase-conjugated secondary antibody and visualized with Chemmate envision detection kit (Dako, Carpinteria, CA, USA).
Statistical analysis
Data were evaluated statistically using one-way analysis of variance (ANOVA) with the IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). Statistical significance was set at p＜0.01.
RESULTS
In an attempt to find potential therapeutics for psoriasis, we found that AE has an inhibitory potential on inflammatory reaction of keratinocytes. We first determined the cytotoxicity of AE on keratinocytes cultured in vitro.
MTT assay showed that AE did not induce cell death up to the dose of 500 μg/ml (Fig. 1A) . In LDH assay, higher concentration of AE (500 μg/ml) resulted in slight increase of LDH release, indicating the damage of the plasma membrane (Fig. 1B) . Thus, we treated keratinocytes up to the concentration of 200 μg/ml of AE in consecutive experiments. Double-strand RNAs are generally provided external viruses, and they act as the PAMP in innate immune response. It has been suggested that psoriatic keratinocytes show increased sensitivity to viral RNA intermediates, thereby leading to excessive proinflammatory response and maintenance of the inflammatory skin phenotype 11 . Poly(I:C) is a synthetic analogue of double-stranded RNA that is used widely to mimic viral infection. Poly(I:C) induces innate immune response in a TLR3-dependent manner 11, 15 . We tested the effect of AE on poly(I:C)-induced immune response of keratinocytes. Poly(I:C) increased expression of inflammation-related cytokines including IL-1β, IL-6, IL-8 and TNF-α from keratinocytes. Pretreatment of AE significantly inhibited the poly(I:C)-induced cytokine expression (Fig. 2) . Consistent with these results, poly(I:C) increased secretion of IL-1β and TNF-α from keratinocytes, and AE pretreatment significantly inhibited poly(I:C)-induced cytokine release (Fig. 3) . It has been established that activation of TLR3 induces IL-1β production via an inflammasome-dependent mechanism in keratinocytes 15 . Poly(I:C) induced IL-1β secretion from keratinocytes, together with inflammasome-activated caspase-1 (p20). To investigate the action mechanism of AE, we examined the inflammasome activation by determining the release of active form of caspase-1 (p20).
As expected, poly(I:C) induced the secretion of caspase-1 (p20), and pretreatment with AE significantly inhibited the secretion of caspase-1 (p20) (Fig. 4A) . We also checked the effect of AE on nuclear factor (NF)-κB signaling, the central player in inflammatory reaction. Poly(I:C) increased NF-κB activity in terms of phosphorylation of p65 subunit. AE pretreatment significantly inhibited poly(I:C)-induced phosphorylation of p65 in a dose-dependent manner (Fig. 4B) .
To further evaluate the potential effect of AE, we performed animal test. We used a well-established imiquimod-induced psoriasiform dermatitis model 16 . Imiquimod is an analogue of adenosine, which exerts its action as the PAMP specific for TLR7 17 . Daily topical application of 5% imiquimod cream (Aldara) induced psoriasiform dermatitis, in which epidermal thickness was remarkably increased. When AE was pretreated, induction of psoriasiform dermatitis was significantly inhibited. Histochemistry study SV40Tag-transformed human epidermal keratinocytes (SV-HKEs) were pretreated with AE at the indicated concentrations for 1 hour, and then stimulated with 1 μg/ml poly(I:C) for 24 hours. Culture medium was collected and concentrated, then subjected to Western blot. The protein level for active form of caspase-1 (p20) was decreased by AE treatment. Ponceau S staining was used for loading control. (B) Effect of AE on poly(I:C)-induced nuclear factor (NF)-κB activation in keratinocytes. SV-HKEs were pretreated with AE at the indicated concentrations for 1 hour, and then stimulated with 1 μg/ml poly(I:C) for 45 minutes. Activation of NF-κB signaling was determined by Western blot. The protein level for phoshorylated-p65 (p-p65) NF-κB subunit was decreased by AE treatment. Actin was used for internal control.
clearly showed that AE prevented imiquimod-induced epidermal hyperplasia. Pretreatment of AE resulted in slight reduction of imiquimod-induced IL-1β expression. And, AE pretreatment also inhibited imiquimod-induced increase of cell proliferation in epidermis, evidenced by reduction of PCNA positive cells (Fig. 5A) . Quantification confirmed that imiquimod-induced epidermal thickening was markedly inhibited by AE (Fig. 5B ).
DISCUSSION
Skin is the primary defense organ against environmental insults. Fundamentally, defense mechanism can be provided by the physical and biological methods. Former method is the barrier structure formed by corneocytes and lipid molecules. Later method is the immune system that recognizes foreign materials and eliminates them. Recent concept suggests that two of defense methods can be provided by the epidermal keratinocytes. With regard to the role of immune cells, keratinocytes express many TLR molecules and engage in innate immune response 6 . In condition related to the skin diseases, keratinocytes are susceptible to external stimuli and show excessive response. Well-known example includes psoriasis, in which keratinocytes produce a range of inflammatory cytokines, thereby functioning to recruit and activate immune cells such were topically applied with 5% imiquimod cream (Aldara; 3M Health Care Ltd., Leicestershire, United Kingdom) for 7 days. AE (1 mg/ml dissolved in polyethylene glycol) was pretreated 1 hour before imiquimod application. Skin specimens were investigated by hematoxylin and eosin staining (upper panels).
Immunohistochemistry analysis was performed to determine the interleukin (IL)-1β level (middle panels), and to determine the cell proliferation in epidermis using anti-proliferating cell nuclear antigen (PCNA) antibody (lower panels). Bar=50 μm.
(B) Epidermal thickness was measured. Data are the mean values±standard deviations (n=5). *p＜0.01.
as neutrophils and activated T cells 18 . Thus, the approach that inhibits inflammatory reaction in keratinocytes is good method for treatment of psoriasis. In this study, we showed that AE has an anti-inflammatory activity in keratinocytes that challenged with PAMPs such as poly(I:C). We also showed that AE reduced imiquimod-induced epidermal hyperplasia using animal model. Our data suggest that AE can be developed to the therapeutics for psoriasis. 20 .
In this study, we demonstrated that AE inhibited poly(I:C)-induced inflammatory reaction of cultured keratinocytes, and also that AE pretreatment inhibited imiquimod-induced psoriasiform dermatitis in mouse model. Furthermore, AE significantly inhibited NF-κB activation.
In inflammatory reaction, the intracellular signaling molecule NF-κB exerts its pivotal role as a central transcriptional regulator, which directly binds to promoter of many inflammatory cytokine genes. Thus, it can be speculated that anti-inflammatory effect of AE may be due to its action on intracellular signaling cascade. At the moment, it is not clear what components of AE are the active ingredients to show anti-inflammatory potential. It has been known that Ampelopsis japonica contains many of biologically active ingredients. Of those, epicatechin gallate and catechin gallate have been shown to have superior anti-inflammatory potential in various cell types such as pancreatic tumor cells and dental pulp cells 21, 22 . We speculate that these components of AE can also affect the inflammatory reaction of skin keratinocytes induced by PAMPs, because that somehow common intracellular signaling event is occurred in inflammatory reaction irrespective of cell types. Elucidation of active ingredients will be an interesting further study. In summary, we demonstrated that AE has a potential for inhibiting PAMPs-induced innate immune response of keratinocytes in vitro and in vivo. Our data suggest that AE would be a promising candidate for the treatment of psoriasis.
